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. 
OPERATIONAL REPORT ON THE NASA 1963 AIRBORNE 

SOLAR ECLIPSE EXPEDITION 

By Michel %der, Louis C .  Haughney, Glen W .  S t inne t t ,  
and Richard A .  Acken 
Ames Research Center 

SUMMARY 2 3y6' 
The t h i r d  longest t o t a l  s o l a r  ecl ipse of t h i s  century occurred on 30 May 

1965. 
eas t  t o  just above t h e  equator, then down t o  the  w e s t  coast  of Peru a t  sunset. 
The point of maximum duration of  t o t a l i t y ,  5m 2OS.4, w a s  a t  2' 03l.7 S, 
132O 37'.7 W.  The sun's elevation at that point was 63'. 

The path of t o t a l i t y  s t a r t ed  in  New Zealand a t  sunrise, curved north- 

NASA modified a CV-990 four-engine j e t  transport  t o  provide an observation 
platform over t h e  South Pac i f ic  Ocean for  1 3  experiments. Thirteen cut-outs 
were made a t  a 650 elevat ion i n  the  fuselage and f i t t e d  with opt ica l  qua l i ty  
windows. 
junction boxes were spaced along the  cabin t o  b r ing  t h i s  and the  normal 
400 c/s a i r c r a f t  power fo r  experimenter use. 
nized t o  radio s t a t ions  WWV and WWVH were provided. 

Converters were in s t a l l ed  t o  provide 14 kVA of 60 c/s  power, and 

Dig i t a l  timing s ignals  synchro- 

The navigation was performed with a periscopic sextant ,  and t h e  a i r c r a f t  
pos i t ion  was updated by a tracking ship about an hour before t o t a l i t y  in te r -  
cept.  The 
t o t a l  f l i g h t  time was 8h 22m from the  Hilo, Hawaii, base t o  intercept  and, 
thence, t o  Papeete, Tahi t i ,  f o r  re fue l l ing .  Ai rcraf t  s t a b i l i t y  w a s  within 
fL/ko. 
with t h e  help o f  a spec ia l ly  designed autopi lot  control  and sun compass. 

Ai rcraf t  speed lengthened the  avai lable  t o t a l i t y  t i m e  t o  9 42'. 

Ai rcraf t  heading w a s  kept within +1/2O of nominal (90" t o  the  sun line) 

HISTORY AND LOGISTICS 

Aircraf t  have been used sporadically for astronomical research i n  the  
pas t  
B-29 a i rp lanes  near the Aleutian Islands on 8 May ( just  east of t he  Interna- 
t i o n a l  D a t e  L ine) .  
t o  29,000 feet t o  ge t  above t h e  weather. 
d i t i o n  and t h e  concurrent ground-based expeditions i s  given i n  reference l. 
Although d i f f e ren t  i n  par t icu lars ,  problems encountered i n  1948 were strik- 
ingly  similar t o  those experienced in  1965: 
municat ions,  remote and primitive foreign bases, weather, navigation , 
instrumentation. 
s c i e n t i f i c  endeavor" and "a h i s t o r i c  . . . t e s t ing  of a t ra i l -b laz ing  aerial 
technique f o r  astronomical research" (ref.  1). 
"Perhaps t h e  day may come when major s c i en t i f i c  organizations . . . w i l l  

For example, t h e  annular ec l ipse  of 8-9 May 1948 was observed by two 

Their observing t i m e  was 24 seconds, and they had t o  climb 
A fascinat ing account of t h i s  expe- 

organization, coordination, corn- 

The 1948 e f fo r t  was hai led a s  "a new high i n  coordinated 

It was ant ic ipated t h a t  
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maintain t h e i r  own spec ia l ly  equipped a i r c r a f t  f o r  various phases of c e l e s t i a l  
research and other projects  of exploration . . . ' I  

Since then, occasional uses have been made of a i r c r a f t  fo r  astronomical 
purposes, and several  a i r c r a f t  have been converted in to  permanent f ly ing  
laborator ies  f o r  other than astronomical or aeronautical  research. Impetus 
f o r  use of a la rge  j e t  t ransport  f o r  astronomical s tudies  came from the  use of  
a Douglas DC-8 t o  observe the  so la r  ecl ipse of 20 July 1963, under the  leader- 
ship of the  la te  D r .  W .  B. Klemperer ( ref .  2 )  . 

In October 1964 NASA purchased a Convair 990 four-engine j e t  t ranspor t  
f o r  research purposes. 
ce r t i f i ca t ion ,  and was al together  void of passenger accommodations ( f i g .  1). 
This mde possible,  within limits, t he  optimization of t he  design and loca t ion  
of various systems. The modified i n t e r i o r  i s  shown i n  f igure 2. Most s ign i f -  
i can t  for t h e  1963 so lar  ec l ipse  expedition w a s  the  cu t t ing  o f  1 3  viewports on 
t h e  a i rp lane ' s  l e f t ,  a t  630 elevat ion ( f i g s .  3 t o  8) . 

This a i r c r a f t  had been used fo r  f l i g h t  t e s t i n g  and 

A coordination meeting w a s  held on 2 November 1964 a t  the  Los Alamos 
Sc ien t i f ic  Laboratories (LASL) f o r  scient j -s ts  in te res ted  i n  airborne experi- 
ments f o r  t he  30 May 1965 s o l a r  ec l ipse .  The purpose of t h i s  meeting w a s  t o  
assign space on three avai lable  a i r c r a f t :  NASA's Convair 990 and two KC-133's 
operated by the U.S. A i r  Force f o r  LASL and Sandia Corporation. 
KC-135, operated by the  A i r  Force Cambridge Research Laboratories (AFCRL), wits 
not considered fo r  airborne experiments, a s  AFCRL could not accommodate guest 
s c i e n t i s t s .  Most of the  experimenters considered had made t h e i r  i n t e r e s t  
known t o  the Douglas Aircraf t  Company (DAC),  who had previously s o l i c i t e d  such 
expressions of i n t e re s t ,  and who very graciously placed t h e i r  l i s t  a t  OUT 
disposal; others  had been i n  touch d i r e c t l y  with LASL and Sandia. 
not time for  addi t ional  announcements or s o l i c i t a t i o n s  of  proposals. As  it 
w a s ,  there were more proposals than space ava i lab le ,  and each a i r c r a f t  w a s  
assigned a grea te r  load than it could car ry .  
through withdrawals of experimenters who could not meet t he  establ ished dead- 
l i n e s  or other requirements. The NASA l i s t  of experimenters and experiments, 
whichbecame f i n a l  on 1 Apri l  1965, i s  given i n  t ab le  I. 
t i o n s  on the airplane ( f i g .  4) became f i n a l  on 4 May. 

Another 

There w a s  

This overload w a s  resolved 

The assigned loca- 

An experimenter's meeting was held i n  Santa Monica and San Diego, 
California,  on 11-12 February 1965. 
t i ons  of  var ious  expeditions, including the  airborne NASA, LASL, Sandia, and 
AFCRL, and ground based expeditions planned f o r  t he  is lands of Manuae and 
Bellingshausen (coordinated by K i t t  Peak National Observatory) . The morning 
of the 12th was s p l i t  i n to  two sessions,  and the  afternoon w a s  devoted t o  
v i s i t i ng  the airplane undergoing modifications a t  t h e  Convair plant  i n  
San Diego. One of the morning sessions w a s  spent i n  de t a i l ed  hardware d i s -  
cussions with the  experimenters assigned t o  the  NASA a i r c r a f t  (mounting and 
other interface problems). P ic tures  showing t h e  experimenters' equipment i n  
t he  airplane a r e  given i n  f igure  9 .  

The first day w a s  devoted t o  descrip- 

The second session was an operat ional  l o g i s t i c s  and coordination meeting 
f o r  the airborne expeditions (NASA, LML,  Sandia, AFCRL). The path of 
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. 
t o t a l i t y  of t he  30 Nay 1963 so la r  ec l ipse  started i n  New Zealand a t  sunrise, 
curved north-east t o  just above the  Equator, then proceeded down t o  t h e  coast 
of Peru a t  sunse t1  ( f i g .  lo). 
(3m 2OS .4) was a t  latitude -2' 03 ' .7, longitude +1Zo 57' .7 ( ref .  3) . Since 
the sun l ine  was a t  a r i g h t  angle t o  the  path a t  t h i s  point,  t h i s  general  area 
was t h e  most favorable from a s c i e n t i f i c  standpoint. Coordination of ground 
support and f l i g h t  paths f o r  t h e  four a i r c r a f t  proceeded on the  assumptions 
t h a t  t racking ship support would be avai lable  and t h a t  t he  expeditions would 
be based i n  Papeete, Tahi t i ,  where the  j e t  landing f i e l d  nearest  ec l ipse  
in te rcept  was located.  

The point o f  maximum duration on t h e  ground 

The an t ic ipa ted  support of t he  USNS Range Tracker was withdrawn because of 
higher p r i o r i t y  commitments i n  support of t h e  Gemini-Titan 4 mnned space 
f l i g h t ,  but NASA was able t o  secure support from the  USNS Wheeling by mid-April. 

More ser ious was the  f a c t  t h a t  Tahi t i  was not made avai lable  as a base of 

Several alter- 
operations.  Another coordination meeting was held i;; Washington, D.C.,  on 
27 February 1963, t o  e s t ab l i sh  revised f l i g h t  operation plans.  
na tes  were agreed upon, but  it was another month before f i r m  plans were 
establ ished.  
H a w a i i ,  by intercept ing s l i g h t l y  w e s t  of the s c i e n t i f i c a l l y  optimum point ,  with 
some l o s s  i n  observing t i m e  and a less favorable viewing angle; or ,  a l ternately,  
it could go t o  t h e  optimum i f  Tahi t i  could be used f o r  a br ief  re fue l l ing  stop 
after t h e  ec l ip se .  The E € U ,  a i r c r a f t  had enough range t o  meet a l l  objectives 
operating from Hickam A i r  Force Base (Honolulu), t he  only drawback being an 
excessively long f l i g h t .  Tracking ship locations were agreed upon, sa t i s fy ing  
the  requirements of AFCRL and both of NASA's possible intercept  points .  
LASL and Sandia a i r c r a f t  d id  not have enough range t o  operate from H a w a i i ,  and 
would base i n  Pago Pago, Samoa. They would intercept  j u s t  east of the  Island 
of Bellingshausen (which would be used as a navigational f i x ) ,  a t  a l o s s  of 
about 45 percent i n  observing time and a much less favorable viewing angle. 

The NASA a i r c r a f t  had just enough range t o  operate from Hilo, 

The 

The NASA a i r c r a f t  d id  in te rcept  a t  the  optimum point and r e fue l  i n  Tahi t i  
on 30 May ( f i g s .  10 t o  12). 
times, and t h e  f a c t  t h a t  p rac t ice  f l i g h t s  had t o  be executed t o  simulated 
in te rcept  po in ts  within range of Hilo. 
t ionships  t o  t h e  tracking ship and d i f f e ren t  weather conditions fo r  t h e  prac- 
t i c e  f l i g h t s  and f o r  t h e  ec l ipse  f l i gh t ;  some of t he  d i f f i c u l t i e s  discussed in  
the  Navigation sec t ion  of t h i s  report  a r e  traceable t o  these d i f f e ren t  condi- 
t i o n s .  In re t rospec t ,  however, it was f e l t  tha t  t h e  Hilo base made ground 
support arrangements and communications w i t h  t h e  U. S . Mainland considerably 
easier, and t h i s  far outweighed the  above-mentioned disadvantages. Local 
ground support arrangements were made i n  H i l o  during the  week of 6-11 Apri l  
( t a b l e  11). 

Two disadvantages were the  excessively long f l i g h t  

This last item meant d i f f e ren t  re la -  

A i rc ra f t  modifications were completed t h e  f i rs t  week i n  April., and the  
a i rp l ane  was t ransfer red  from San Diego t o  Moffett Field on 2 April .  A 

=An amusing aspect which seem t o  have escaped a t t en t ion  is  t h a t  t h i s  
ec l ip se  ended t h e  day before it s t a r t ed ,  by v i r tue  of the  f ac t  t h a t  i t s  path 
crossed t h e  In te rna t iona l  Date Line. The same s i tua t ion  a t t r ac t ed  considerable 
comment i n  1948. 
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timetable allowing some f l e x i b i l i t y  was s e t  up fo r  t h e  period of 15 Apri l  t o  
8 June 1963. The ac tua l  schedule and the  f l i g h t  descr ipt ions,  as given on 
tables  I11 and IV and f igures  11 and 12, deviated only s l i g h t l y  from the  
or ig ina l  plan. It took longer than ant ic ipated t o  i n s t a l l  and check out sub- 
s id ia ry  systems, and some f l i g h t s  had t o  be rescheduled because of operat ional  
problems. 
f l i g h t s .  

In re t rospect ,  a l l  f l i g h t s  were needed, as were a l l  days between 
Fl ight  par t ic ipants  a re  l i s t e d  i n  t ab le  V .  

The following sect ions describe the  pr inc ipa l  a i r c r a f t  modifications and 
in s t a l l a t ions  (view por t s ,  power supplies,  and d i g i t a l  time clock) and the  
navigation and a i r c r a f t  performance ( s t ab i l i za t ion ,  guidance). Appendix A 
gives d e t a i l s  of the  ec l ipse  intercept  events, primarily fo r  t he  benef i t  of 
t he  experimenters. 

OBSERVATION PORTS 

Thirteen por t s  with 12 X 14-inch c l ea r  apertures were cut i n to  t h e  
fuselage on the  a i rp lane ' s  l e f t ,  a t  an elevat ion of 630 ( t o  match t h e  eleva- 
t i o n  of the  sun a t  ecl ipse in t e rcep t ) .  The s i ze  and locat ion of these por t s  
( f i g s .  3 t o  8) were determined i n  la rge  pa r t  by s t ruc tu ra l  considerations.  

Seven experimenters provided t h e i r  own op t i ca l  g lass  (quartz,  fused 
s i l i c a ,  arsenic  t r i s u l f i d e ,  calcium f luor ide ,  boros i l ica te  crown no. 2)  . 
experimenter (Stat ion 6)  used the  regular  p l a s t i c  passenger window without 
t he  inner pane ( f i g .  13)  . 
by Ames. 
selected fo r  minimum bubbles and s t r i a e ,  and surfaced on both s ides .  
pane is f l a t  t o  a maximum of 4 f r inges per inch and i ts  surfaces are p a r a l l e l  
t o  0.001 inch. 

One 

The remaining observational windows were provided 
These a re  reground and repolished soda-lime p la t e  g l a s s ,  spec ia l ly  

Each 

All panes have magnesium f luoride an t i r e f l ec t ion  coatings.  

The op t i ca l  g lass  w a s  held i n  aluminum frames with silicon-rubber gaskets 
( f i g .  7 ) .  
The aluminum pa r t s  of t he  assembly were sandblasted and anodized black t o  
c u r t a i l  extraneous r e f l ec t ions .  It was noted a f t e r  t h e  expedition t h a t  much 
of the black anodizing had been removed from t h e  outside surface.  
radiat ion and/or the  boundary layer  may have been responsible.  

Special  frames were made fo r  o p t i c a l  g lass  of nonstandard s i z e .  

Solar  

Each window assembly i s  in s t a l l ed  from t h e  cabin and presses against  a 

On the  
gasket on t h e  res t ra in ing  edge of t h e  fuselage sk in .  
3 inches long, a r e  then cinched up aga ins t  t he  inside of t h e  frame. 
ground, it i s  p rac t i ca l ly  impossible t o  press  t h e  window t i g h t l y  enough 
against  the gasket t o  make an e f fec t ive  s e a l .  
however, produced by the  pressure d i f f e r e n t i a l  across  the  window a t  high 
a l t i t u d e .  
ing shoulders a r e  t ightened against  t h e  frame (a gap of 1/8 inch w a s  u sua l ) .  
Once a window assembly has been pressurized and t ightened i n  f l i g h t ,  it 
re ta ins  i t s  posi t ive s e a l  u n t i l  it i s  removed again from the  aperture .  

Two aluminum shoulders, 

A pos i t ive ,  leakproof s e a l  is, 

Each window i s  inspected af ter  reaching a l t i t u d e  and the  r e s t r a in -  
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Each window assembly was safety-tested in a vacuum chaniber, as follows: 
F i r s t ,  it was subjected t o  a pressure d i f f e r e n t i a l  of 140 cm of Hg a t  room 
temperature f o r  5 minutes t o  check i t s  pressure seal. Then a pressure differ- 
e n t i a l  of 99 cm of Hg and a temperature d i f f e r e n t i a l  of llOo C w e r e  maintained 
simultaneously across  each window f o r  20 minutes. 
returned t o  aaibient room conditions i n  2 minutes. 
passed these tests. 
mately 41 cm of @ and 80° C .  

The assembly was then 
A l l  t h e  window assemblies 

On t h e  ec l ipse  f l i g h t ,  the d i f f e r e n t i a l s  were approxi- 

The g lass  procurement, frame manufacture, and safety t e s t i n g  w e r e  per- 
Further details may formed under contract  by  the  Douglas Aircraf t  Company. 

be found i n  reference 4. 

P l a s t i c  safety windows are mounted on the inside of t he  observation 
windows ( f i g .  6) . 
l i n e  of s igh t  during the  observation period. 
s a fe ty  windows press  t i g h t l y  against  a gasket seal. 
op t i ca l  window, t h e  cabin pressurizat ion can be maintained against  remaining 
leakage. The safe ty  windows were opened by the  individual experimenters 
approximately 10 minutes before second contact, and closed soon after t h i r d  
contact.  No op t i ca l  g l a s s  f a i l u r e s  occurred. 

Sliding i n  horizontal  tracks,  they are moved out of t he  
I n  t h e  closed posit ion,  t h e  

In  case of f a i l u r e  of an  

Because of t h e  very low outside temperatures (about -50° C )  a t  operating 
a l t i t u d e s ,  cabin moisture tends t o  condense on t h e  inside of s ingle  pane win- 
dows. A defrost ing system ( f i g .  8) was ins ta l led  t o  keep the  op t i ca l  g l a s s  
free of condensation. Warm a i r  (about 40' C )  i s  bled from t h e  cabin a i r  con- 
d i t i one r  t o  a series of 15 small openings across the  top  of each op t i ca l  por t .  
A mnua l  b u t t e r f l y  valve is  in s t a l l ed  i n  t h e  duct t o  each port  t o  allow indi- 
vidual  control  of a i r  flow. 
over t he  window) a t  full flow is estimated t o  be 20' C, while t he  inner w i n -  
dow surface,  under extreme ambient conditions ( f i g .  14), i s  calculated t o  be 
a t  160 C .  
exhaust air  passes in to  the  cabin through o r i f i ce s  in  the  lower window frame. 
No quant i ta t ive  experimental data  a r e  available f o r  comparison with t h e  
estimates of f igu re  14, but  it w a s  found that f u l l  flow was not necessary t o  
keep the  windows c l ea r  of condensation. 

The temperature of t h e  exit  a i r  (after passing 

When the  p l a s t i c  sa fe ty  window is i n  t h e  closed posit ion,  t h e  

A s ign i f i can t  amount of o i l  vapor i s  present i n  the  a i r  conditioning 
system when it i s  first turned on. The inside surfaces of t he  op t i ca l  windows 
were protected by sheets of p l a s t i c  or paper taped around the edges. The 
pro tec t ive  shee ts  were removed f o r  periods of 1 t o  2 hours, including t h e  
astronomical observing time, during which no s igni f icant  amount of o i l  w a s  
deposited.  
flow t h a t  would keep the  windows f r e e  of fog. 
lower g l a s s  temperature than a t  f u l l  flow, it my be t h a t  there  is  an in t e r -  
mediate optimum flow t o  minimize o i l  f i l m  formation. 

Most experimenters adjusted t h e i r  b u t t e r f l y  valves t o  t h e  minimum 
Since t h i s  undoubtedly meant a 

Lightweight, j e t t i sonable  p l a s t i c  covers were devised t o  keep the  outside 
of t h e  o p t i c a l  windows clean and dry  on the ground. 
which gave s a t i s f a c t o r y  protect ion and which ejected successfully i n  38 out 
of 39 cases .  
r i b s  on t h e  outboard s ide ( f i g .  I?), was held i n  place by a small ba r  on the  

A cover was designed 

This cover, an inverted t r a y  with four horizontal  s t i f f en ing  
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leading edge and sealed t o  the  fuselage with 3/4-inch e l e c t r i c a l  tape.  
res t ra ining bar  is  pushed outward i n  f l i g h t  by means of a plunger, and the  
leading edge of t h e  cover i s  l i f t e d  in to  the airs t ream and the  cover e jected.  

The 

Because there  remained some concern regarding the  r e l i a b i l i t y  of cover 
e ject ion,  t he  experimenters e lected t o  take off  without covers and chance 
possible contamination during engine ground run and takeoff .  To minimize 
the  danger of contamination, the  fuselage w a s  washed and sheets of p l a s t i c  
were taped t o  t he  fuselage around each window and removed ex terna l ly  about an  
hour before takeoff .  This was not e n t i r e l y  sa t i s fac tory ,  i n  t h a t  some con- 
tamination of t h e  outside g lass  surfaces d id  occur, presumably due t o  engine 
exhaust during ground run and tax i ing .  This method was, furthermore, opera- 
t i ona l ly  extremely awkward, and did not provide an e f fec t ive  seal against  a 
heavy r a i n .  

An in te res t ing  phenomenon w a s  t he  appearance of water droplets  on t h e  
windows during the  ea r ly  stages o f  climb, even though the  windows and fuselage 
surfaces had been carefu l ly  dr ied j u s t  before takeoff .  
t h a t  t h i s  w a s  due t o  an air-flow expansion ef fec t  a t  t he  leading edge of the  
window frame, giving rise t o  condensation of moisture from the  boundary 
layer .  

It w a s  hypothesized 

Two problems remain concerning t h e  op t i ca l  windows. Additional s tud ies  
need t o  be made t o  design an ex ter ior  cover t h a t  w i l l  protect  t h e  window 
surface from atmospheric d i r t  and moisture and t h a t  can be more r e l i a b l y  
ejected in  f l i g h t .  Second, a rainwater leak  between the  op t i ca l  g lass  and the  
frame assembly ( f i g .  7) must be corrected.  

EXPERIMENTERS ' ELECTRICAL POWER 

Aircraf t  Power 

Schematic diagrams of t he  cabin power d i s t r i b u t i o n  system a r e  shown i n  
figure 16. 
t h e  f o u r  j e t  engines, producing 200/115 V, 400 c/s ,  three-phase, four-wire, 
wye-connected power. 
cent; t h e  l i n e  t o  neut ra l  voltage is  regulated within 2.5 V .  The four air- 
craft generators are normally para l le led  on a synchronizing bus, from which 
t h e  400 c/s  power i s  car r ied  d i r e c t l y  t o  groups of four experimental s t a t ions  
and also t o  f o u r  60 c / s  converters.  The generators can a l s o  be switched a t  
t h e  f l i gh t  engineer's panel i n  the  cockpit so as t o  operate independently of 
t h e  synchronizing bus, as shown on f igure  1 6 ( a ) .  
a t  the engineer 's  panel can shut off a l l  experimenters' power. 

The basic  power source cons is t s  of a 40 kVA generator i n  each of 

Constant-speed dr ives  hold t h e  frequency within k1 per- 

A master c i r c u i t  breaker 

The d i s t r ibu t ion  of power t o  t h e  16 experimental s t a t ions  i s  control led 
a t  the coordinators '  console ( f i g s .  4, 17) .  
junction boxes serving p a i r s  of experimental s t a t i o n s  ( f i g s .  4, 18).  

The power is  brought out  a t  dual  

The experimenters' 400 c/s power goes d i r e c t l y  t o  t h e  junction boxes 
from the generators ( f i g .  1 6 ( a ) ) .  The coordinators do, however, have on-off 
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. 
switches and power indicator l i g h t s  ( f ig .  l7).for each s e t  of four s ta t ions .  
The junction boxes contain three-pole, 30 A circuit-breaker switches by which 
the  individual experimenters control t h e i r  400 c/s power ( f i g .  18). 
f l i g h t  engineer monitors the 400 c/s voltage on the  synchronizing bus through 
meters on the f l i g h t  deck. 
power. 

The 

There i s  no current monitoring f o r  the  4-00 c/s 

Four sol id-s ta te  frequency converters (Unitron PS-62-66-01) were 
ins ta l led  i n  the forward cargo compartment, which i s  pressurized and eas i ly  
accessible i n  f l i g h t  (hatch C, f i g .  4 ) .  
3 -5 kVA, 115 V fl percent, s ingle  phase, 60 c/s fO.01 percent. 

Each converter has a rated output of 

The coordinators' console has complete and f l ex ib l e  control over the 
60 c/s power d is t r ibu t ion  ( f ig s .  16(b) ,  17; note t h a t  t he  f l i g h t  engineer can 
shut a l l  experimenters' power off i n  an emergency). A patch cord arrangement 
permits each experimental s t a t ion  t o  be connected t o  any of the  four con- 
ver te rs .  
i n  accordance with expected loads a t  each s ta t ion .  
a l s o  provided a t  the  junction boxes.) 
individual converter loads. 
f l i g h t  is shown i n  tab le  V I .  

The c i r c u i t  breaker switches a t  the  zoordicators'  panel were rzted 
(On-off SPST switches are 

Four ammeters permit monitoring the 
The 60 c/s  load d is t r ibu t ion  during the ecl ipse 

Some trouble was experienced with the  converters. The problems seem t o  
be re la ted  t o  load t rans ien ts  and attempts t o  correct  these d i f f i c u l t i e s  are 
i n  progress. 

Requirements f o r  dc power were m e t  by smll individual supplies that 
operate d i r e c t l y  from the  a i r c r a f t ' s  400 c/s system (I .T.T.  No. m - P - 4 6 ~ ) .  
The unregulated outputs range, typical ly ,  from 28 V a t  no load t o  24 V a t  f u l l  
load of 20 A. . 

Elec t r i ca l  Interference Tests 

Investigations of possible e l e c t r i c a l  interference between the various 
a i r c r a f t  and experimental equipment were repeatedly carr ied out. 
exceptions, as noted below, no such interference was pos i t ive ly  ident i f ied .  
These lengthy and tiresome t e s t s  were, however, deemed extremely valuable i n  
t h a t  mny po ten t i a l  sources of troLible were uncovered and corrected. 

With two 

The a i r c r a f t ' s  Freon cooling u n i t  f o r  the air-conditioning system did 
d e f i n i t e l y  produce a la rge  s t a r t i ng  current surge with long decay pulses t h a t  
affected experimenters' equipment. A l i n e  voltage drop of 10 t o  13 V fo r  
about 20 ms t yp ica l ly  occurred. The Reon system can be turned off a t  high 
a l t i t u d e ,  since the  cold outside r a m  a i r  used i n  the heat exchanger is  suf- 
f i c i e n t  t o  handle most of t he  a i r  conditioner load. 
therefore  turned off during the experimentally c r i t i c a l  parts of the ecl ipse 
f l i g h t .  

The Freon system was 
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The second source of interference t h a t  w a s  ident i f ied  w a s  t he  a i r c r a f t ' s  
uhf transmitter,  which, when i n  use, introduced spurious s ignals  on the 
Stat ion 3 equipment. This t ransmit ter  was, therefore ,  not used during ec l ipse  
intercept  

Ground Power 

On the ground a t  Moffett Field,  the  a i r c r a f t ' s  e l e c t r i c a l  system was 
energized by a 125 kVA, 400 c/s ,  three-phase, ground power c a r t .  
such a ground uni t  w a s  avai lable  only infrequently.  
re f r igera tors  and a few experiments w a s  made avai lable  a t  a l l  t i m e s  by means 
of a long extension cord from the f i r e  s t a t ion  hangar t o  the coordinator 's  
console on the  airplane.  This w a s  not s a t i s f ac to ry  s ince la rge  voltage drops 
w e r e  very noticeable and extreme care i s  required t o  insure t h a t  t h e  p o l a r i t y  
of t he  external  60 c/s l i n e  matches that  of the a i r c r a f t ' s  system. 
of t he  importance fo r  the  experimenters t o  have 400 c/s avai lable  on the  
ground f o r  systems checks, a stronger e f fo r t  w i l l  be made in  the fu ture  t o  
secure a 400 c/s power c a r t  a t  the  operating bases. 

A t  Hilo, 
Power (60 c / s )  f o r  t h e  

Because 

TIMING PULSES 

Time Code Generator 

Time information f o r  t he  ec l ipse  f l i g h t  was furnished by a time code 
generator (TCG) , Chrono-log Corp. model 20,001, synchronized t o  radio s t a t ions  
WWV and WWVH. The instrument provides both a v i sua l  display of t he  time of 
day on i t s  f ront  panel and a va r i e ty  of time codes and pulses t o  the  experi- 
mental s t a t ions .  An i n t e rna l  1 Mc c r y s t a l  o s c i l l a t o r  mounted i n  an oven is 
used as the  frequency standard; the  o s c i l l a t o r  has an inherent s t a b i l i t y  of 
one part  i n  10' per day. 

The time code generator i s  located on top of the  t o o l  cabinet j u s t  a f t  
of t he  coordinator 's  console ( f i g s .  4, 19) . Output leads  were run d i r e c t l y  
across the  ce i l ing  t o  the  gu t t e r  s t r i p  (along the  left-hand wall) t h a t  con- 
t a i n s  the power wiring t o  the  experimental s t a t ions  ( f i g .  18). 
s igna l  leads a re  brought out i n  a BNC connector beside the  e l e c t r i c a l  power 
junction box a t  each experimental s t a t i o n  ( f i g .  18). 

The t i m e  

Synchronization t o  Universal Time 

The time code generator clock i s  synchronized with t i m e  s igna ls  broadcast 
by WWV and WWVH. 
output with the WWV s ignals  t o  within 0.01 second. 
requirements were not t h a t  s t r ingen t ,  and it was su f f i c i en t  t o  s e t  t he  clock 
j u s t  by l i s t en ing  t o  the WWV t i m e  s ignals ;  with prac t ice ,  an accuracy of 0.1 
t o  0.2 second can be achieved in  t h i s  manner. 

By using an oscil loscope, one can synchronize the  clock 's  
The experimenters' 



. 

The a i r c r a f t ' s  high frequency (hf )  radio can be monitored a t  the  
coordinators' s ta t ion ,  but WWV reception i s  interrupted by the  f l i g h t  crew's 
a i r  t o  ground communications, which require changes i n  the receiver 's  f re -  
quency se t t ings .  
code generator. A separate antenna could not be ins ta l led  i n  the  time avail- 
able,  but the a i r c r a f t ' s  e lectronics  crewma was able t o  match the a i r c r a f t ' s  
hf antenna t o  the receiver.  
except when the f l i g h t  crew was ac tua l ly  transmitting on h f .  Time marks were 
a l s o  occasionally requested from the  tracking ship.  

Therefore, a special  WWV receiver was mounted above the  time 

A strong radio signal was then readi ly  available,  

On the West Coast, the  WWV s ignal  from Washington i s  usually stronger 
than the  WWVH s ignal  from Honolulu. 
of Hilo, WWVH w a s ,  of course, loud and c lear .  
i n  much stronger than did WWVH a t  10 Mc/s. 

A t  Hilo, Hawaii, and on the  f l i g h t s  out 
Near Tahi t i ,  however, WWV came 

Output Time Signals 

The time code generator provides two general types of outputs, the 
absolute time of day in  binary coded decimal form (BCD), and timing pulses or 
markers. 
ca r r i e r  wave is  amplitude-modulated t o  read out, over an in t e rva l  of 1 second, 
the time of day in  hours, minutes, and seconds. Three experimenters (Sta- 
t i ons  6, 7, 10; f i g .  4) put a var ia t ion of t h i s  s e r i a l  code, the  "level shif t ,"  
onto paper char t  recorders. Depending upon the speed of t he  paper feeds, the 
time code is more or l e s s  eas i ly  decipherable. For example, a chart  speed of 
1 inch per second gives a t race  t h a t  can be read t o  0.01 second with a low- 
power magnifier . 

The BCD code is  the NASA 36-bit format ( r e f .  5 ) ,  i n  which a 1 kc/s 

The BCD code is a l s o  provided i n  pa ra l l e l  channels f o r  instantaneous 
readout, one channel f o r  each b i t  i n  t he  t ime code. 
t i o n  3, f i g .  4) used par t  of t h i s  output t o  record the absolute time i n  minutes 
and seconds on 12 channels of a magnetic tape. 

One experimenter (Sta- 

Another general type of output from the  time code generator consis ts  of 
accurately spaced pulses a t  various intervals .  Several experimenters used 
the  seconds and the minute pulses t o  put timing markers on t h e i r  char ts  and 
tapes and a l so  t o  operate re lays .  

Performance of the Time Code Generator 

The time code generator did not operate a s  r e l i ab ly  as had been expected. 
On the  e a r l y  prac t ice  f l i g h t s ,  the main error was a sudden skipping or jumping 
ahead i n  t i m e .  
seconds" decade was coming f romthe  experimental load t h a t  used the pa ra l l e l  
BCD output. Blocking diodes stopped t h i s  source of trouble.  No source of 
interference from the  60 c/s input power l ines  was pos i t ive ly  identified; 
however, it was f e l t  advisable t o  in se r t  0.02 microfarad capacitors between 
each s ide  of t he  input l i n e  and chassis ground. The clock r a p i d l y l o s t  time, 
of t h e  order of a f e w  seconds i n  t en  minutes, when it was connected t o  the 
a i r c r a f t  power system. 

It was found t h a t  a s ignal  randomly t r iggering the "tens of 

It was therefore decided t o  operate the  time code 
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generator e n t i r e l y  from independent de supplies.  The source of t he  TCG 
malfunction was later found t o  be a defective t r a n s i s t o r  i n  t h e  voltage 
regulation c i r c u i t  . 

!the clock had t o  be per iodical ly  r e se t  t o  WWVH s ignals ,  as shown on 
t ab le  V I I ,  which gives the  TCG performance on the  ecl ipse f l i g h t .  The las t  
rese t t ing  had t o  be made a t  2l:O5:OO UT, about 15 minutes before second con- 
t a c t .  Further checks against  WWVH indicated t h a t  it remained accurate within 
1 second throughout t h e  period of t o t a l i t y .  These checks were made a t  
21:26:00, just past  t he  midpoint of t o t a l i t y ,  and again a t  21:34:00, about 
3 minutes a f t e r  t h i r d  contact.  

Four d i scont inui t ies  i n  t h e  time code outputs during t o t a l i t y  are, how- 
ever,  evident i n  t h e  records taken a t  d i f f e ren t  experimental s t a t ions .  They 
can be seen, f o r  example, i n  t h e  BCD s e r i a l  " leve l  s h i f t "  output as recorded 
a t  Stat ion 7 by a "Visicorder" char t  running a t  1 inch per second ( t ab le  V I 1  
and f i g .  20) .  The records of the seconds pulse,  used by many experimenters, 
show t h e  seconds in te rva l  t o  be of nonuniform length a t  these four times. 
These records cannot be used t o  determine the  timing e r r o r  since they do not 
indicate whether a second marker w a s  omitted or repeated. 

NAVIGATION 

Navigation Strategy 

The navigation scheme f o r  the  ec l ipse  f l i g h t  consisted of t h ree  d i s t i n c t  
phases: 
(2)  t ime- loss  maneuver and i n i t i a l  line-up for t he  ec l ipse  run; and (3) the  con- 
s t an t  sun-bearing f l i g h t  path during t o t a l i t y .  
the USNS Wheeling from the  Pacif ic  Missile Range, w a s  necessary because of  t he  
precise navigation required, t h e  absence of landmarks and other navigational 
a ids  (such as L O W )  i n  the  area of i n t e r e s t ,  and t h e  lack of t i m e  necessary 
t o  i n s t a l l  sophis t icated i n e r t i a l  navigation equipment during the  t i g h t  
schedule p r io r  t o  t he  expedition. 

(1) enroute navigation t o  and from the  tracking sh ip ' s  radar horizon; 

The use of a tracking sh ip ,  

The t i m e  of departure from Hilo w a s  set so  as t o  reach the  ship ear ly ,  
and then adjust  the  path around the  ship ( f i g .  11) t o  meet t he  intercept  point 
a t  t he  correct  time. 
a r t i f ic ia l -hor izon  periscope sex tan t .  The maximum dis tance off course a t  ini-  
t i a l  radar acquis i t ion by the  ship w a s  5 m i l e s ,  and a l l  i n i t i a l  acquis i t ions  
were made a t  a range of more than 200 miles ( less than 1' above radar  horizon) .  

The enroute navigation w a s  accomplished with a standard 

Having been acquired by t h e  ship,  t h e  a i r c r a f t  would then receive every 
3 minutes posi t ion reports  consis t ing of l a t i t u d e ,  longitude, t i m e ,  and ground 
speed. These posi t ion repor t s  were t ransmit ted t o  t h e  a i r c r a f t  within 30 sec- 
onds of the  ac tua l  time of  the  f i x .  
information t o  ca lcu la te  t he  appropriate time-loss maneuver and t o  l i n e  UP the  
a i r c r a f t  on the preplanned in te rcept  path.  
of turning westward t o  intercept  an extension of t h e  "hot run" path a t  a Point 
consistent with the amount of t i m e  t o  be l o s t  ( f i g .  11). A racetrack pa t te rn ,  
which is  t h e  standard method for achieving a control led time of a r r i v a l ,  w a s  

The navigators would then use t h i s  

The time-loss maneuver consisted 
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not used in t h i s  case f o r  the following two reasons: (1) the  number of turns  
had t o  be minimized because the  ship 's  radar had d i f f i c u l t y  maintaining lock- 
on while the  a i r c r a f t  was i n  a bank; and (2)  t o  obtain maximm s t a b i l i t y  from 
the  autopi lot  gyro, tu rns  had t o  be l imited t o  shallow bank angles, and a 
s t r a igh t  run f o r  a t  l e a s t  10 minutes pr ior  t o  intercept  was desired t o  damp 
out gyro precessions due t o  the  l a s t  turn.  

Once on the  intercept  path and within 5 minutes of second contact, t he  
constant sun-bearing m e u v e r  would be mde with a remote autopi lot  control  
from information presented on the  sun compass ( the  sun compass and remote 
autopi lot  control a r e  described i n  the  Airplane S tab i l iza t ion  and Guidance 
section of t h i s  repor t ) .  During t h i s  phase, the ship 's  posi t ion reports  would 
only be monitored and used f o r  post-eclipse data ra ther  than f o r  heading 
changes during t o t a l i t y .  

N'- d v  -- iga t  ion aiid Cornmications Equipment 

USNS Wheeling .- "he navigation, communication, and tracking equipment 
aboard the ENS Wheeling i s  indicated below: 

Tracking instrumentat ion: AN/FPS-~~ radar (C-band) - with p lo t t ing  
board and d i g i t a l  tape readout. 

Acquisition aid: Agave (213-260 Mc/s) 

Navigat ion: SINS (S te l la r  I n e r t i a l  Navigation System), 
updated by s t a r  tracking and navigation 
s a t e l l i t e .  

Communication: hf ,  uhf, vhf radios. 

The FPS-16 radar i s  the most accurate of shipboard radars.  Posit ion 
accuracies, assuming favorable geometry, should be within flOO f e e t  r e l a t ive  
t o  the ship.  
of 20.5 nautical. mile. 

The SINS, with updating, provides a ship positioning accuracy 

Convair 990 .- The a i r c r a f t  navigation and communication equipment con- 
s i s t e d  of t he  following: 

Nav i g a t  ion : 

C o m i c a t  ion: 

Periscopic sextant with illuminated horizon 
l i n e ,  a specially designed sun compass 
improvised by the  Douglas Aircraf t  Co . , 
weather radar, C-9 compass system, dual 
VOR (vhf Omni Range) receivers,  ADF (Auto- 
matic Direction Finder) receiver,  and a 
C-band beacon transponder. 

h f ,  uhf, vhf radios.  
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Pract ice  Fl ights  From Moffett Field 

After several  conferences with USNS Wheeling personnel t o  es tab l i sh  
operating and coordination procedures, several  f l i g h t  t e s t s  were deemed 
necessary t o  insure tha t  a l l  c r i t i c a l  equipment w a s  operating and t h a t  con- 
s tant  radar tracking and radio communication could indeed be maintained fo r  
extended periods of time . 

Three prac t ice  missions were flown near t he  Wheeling ( t ab le  IV) and, as 
expected, several  d i f f i c u l t i e s  were encountered with equipment on both the  
ship and the a i r c r a f t .  
keeping the  uhf keyed. 
means of posit ioning the  sh ip ' s  radar antenna, radar acquis i t ion could only 
be maintained fo r  very b r i e f  periods during the  first and second f l i g h t s .  
Pr ior  t o  the  t h i r d  f l i g h t ,  t he  uhf problem w a s  solved and the  a i r c r a f t  w a s  
acquired and held during a simulated ec l ipse  run. 

I n  par t icu lar ,  the  a i r c r a f t  crew had d i f f i c u l t y  
Because the malfunctioning uhf radio w a s  t he  primary 

Pract ice  Fl ights  From Hilo 

Three prac t ice  f l i g h t s  were scheduled from Hilo ( t ab le  IV) t o  a pre- 
selected point south of t h e  equator where the  Wheeling w a s  s ta t ioned ( f i g .  11). 
The actual  ec l ipse  area could not be used f o r  t h i s  prac t ice  because t h e  range 
l imitat ions of the  a i r c r a f t  would not permit a f l i g h t  t o  t h i s  area and re turn  
t o  Hilo. The staging area chosen duplicated the  "hot run'' a rea  as c lose ly  as 
possible in  t h a t  it w a s  the  same dis tance south of  the equator. On the  
f i r s t  H i l o  pract ice  f l i g h t ,  the  sh ip ' s  computer malfunctioned but radar 
acquis i t ion was made a t  maximum range and constant tracking w a s  maintained. 
The l a s t  two pract ice  f l i g h t s  were f lawless .  It w a s  standard operating pro- 
cedure t o  debrief on hf radio immediately a f t e r  each simulated ec l ipse  run t o  
c l ea r  up any ex is t ing  or possible fu ture  problem areas. 

The pract ice  missions, flown from both Moffett and H i l o ,  proved invalu- 
able  t o  the success of the  pro jec t .  They provided the  experience necessary 
for the smooth coordination i n  the  continuous flow of data  between the  air-  
c r a f t  and the  ship,  as w e l l  a s  between members of t he  crew. The Wheeling's 
tracking crew had never worked with an a i r c r a f t  bu t ,  after only a short  prac- 
t i c e  period, did an outstanding job during the  f i n a l  two "dry runs" and t h e  
actual  ec l ipse  f l i g h t .  

In te rcept  Procedures 

Detailed ec l ipse  geographical and timing i n f o r m t i o n  char t s  were prepared 
under contract  by the Douglas Aircraf t  Company ( r e f .  4 ) .  
l i n e  chosen by the  navigators w a s  a d i r e c t  l i n e  from Hilo t o  the  Wheeling 
( f i g .  11) i n  order t o  take maximum advantage of the  sh ip ' s  radius  of radar 
coverage. 
of the ec l ipse  intercept  point ( f i g s  . ll, 12) because it w a s  considered more 
important t o  have ear ly  acquis i t ion  and constant tracking capab i l i t i e s  during 
t h e  c r i t i c a l  time-loss maneuver and l ine-up than t o  have coverage during the  
en t i r e  length of t o t a l i t y .  

The enroute f l i g h t  

The ship w a s  positioned 160 nau t i ca l  miles north-west (toward Hilo) 
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Two important parameters were determined during the  practice missions: 
(1) the  maximum range from the  ship t h a t  would insure continuous radar lock-on 
was found t o  be 160 naut ical  miles; and (2) the takeoff time had t o  provide 
fo r  a 15 minute time in te rva l  f o r  keeping the time-loss maneuver within the  
bounds of t h a t  160 naut ical  mile coverage. !these conditions were m e t  by the  
takeoff a t  16:57 UT (0637 Hawaiian t i m e ) .  The p i l o t s  made immediate voice 
contact with the  tracking ship on hf and advised them of our takeoff time. The 
navigators requested t h a t  the ship 's  weather s t a t ion  measure the winds a t  
38,000 fee t  with a balloon one hour before the a i r c r a f t  was t o  reach the  ship 's  
radar range. The wind information obtained from the ship indicated t h a t  there  
would be 3' of r igh t  d r i f t  and a 15-knot tail-wind component on the  ec l ipse  
run. 
d r i f t  and ground speed increase jus t  p r ior  t o  i n i t i a l  radar contact. 

The navigators corrected the  ecl ipse mneuver f o r  the ant ic ipated r igh t  

Acquisition was =de and the f i r s t  posit ion report  was recieved a t  a 
range of 217 naut ica l  miles from the  ship. The first f i x  indicated t h a t  a 
strong, unpredicted t a i l  wind had decreased the enroute time by 8 minutes and 
therefore increased the required time-loss mneuver from the planned 15 min- 
utes t o  23 minutes. The maneuver planned for maximum loss  of time was in i -  
t i a t e d  a t  t he  predetermined point and the a i r c r a f t  flown t o  the far edge of 
the  safe  160 naut ica l  mile boundary f o r  posit ive radar lock-on. Only 22 of 
the required 23 minutes were l o s t ,  but the sacr i f ice  of one minute was con- 
sidered l e s s  important than the chance of l o s i n g  radar acquis i t ion a t  t h i s  
c r i t i c a l  time. During the  line-up phase, it became obvious tha t  t he  wind was 
stronger than the  sh ip ' s  weather balloon had measured and t h a t  we would be 
from 1-1/2 t o  2 minutes e a r l i e r  than planned. 
posi t ion e r ro r  matrix t ab le s  ( r e f .  4 and table  VIII), the  navigators predicted 
the  time of second contact and the duration of t o t a l i t y  and informed the 
coordinator's s t a t ion  so t h a t  the countdown could be corrected ( fur ther  
d e t a i l s  a r e  given i n  appendix A ) .  

With the help of the  time and 

A t  a point 5 minutes from predicted second contact, t he  autopi lot  control  
was assumed by the remote s ta t ion ,  which was located opposite the sun compass. 
The sun was kept Po abeam the a i r c r a f t  during the  en t i r e  duration of t o t a l i t y  
by keeping the  a i r c r a f t  i n  a very s l igh t  l e f t  turn.  The amount of turn needed 
was determined by watching the sun's image on the  sun compass. 

Results 

The in te rcept  maneuver, corrected f o r  lef t - to-r ight  cross wind, cal led 
f o r  cu t t ing  across the center of the unibra path from north t o  south, with 
second contact north, mid-totali ty exactly on, and t h i r d  contact south of 
t h e  center  path.  
t i m e  and the  cross-wind component stronger than predicted, the a i r c r a f t  
crossed the  mibra center path a t  second contact ( f i g .  12 ) .  
d r i f t  was underestimated by about 5 nautical  miles during the f l i g h t ,  so t h a t  
t he  estimated t o t a l i t y  duration was about 10 seconds too long (see t ab le  V I I I ) .  
Par t  of t he  reason f o r  the discrepancy i n  wind data was t h a t  the a i r c r a f t  was 
f ly ing  a t  a pressure a l t i t u d e  of 38,000 ft, which was a geometric a l t i t u d e  of 
39,500 f t .  

Because the a i r c r a f t  was 2 minutes ahead o f  the scheduled 

The southward 

The ship 's  predictions had been made f o r  a geometric a l t i t u d e  of 
38,000 ft. 
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A rep lo t  of t he  Wheeling's computer information a f t e r  the  expedition 
showed tha t  the  a i r c r a f t  was 13 naut ica l  m i l e s  south of t h e  umbra center a t  
mid-totali ty.  The l o s s  i n  t o t a l i t y  was more than compensated f o r  by the  
increased duration caused by t h e  t a i l  wind which increased the  ground speed t o  
5lO knots from t h e  planned 490 knots. 
582 seconds. 
01' 48' S 132' 04' W, and 01' 31' S 1300 44' W, respect ively ( t ab le  I X ) .  
Appendix A gives a de ta i led  account of t h e  events during in te rcept .  

The length of t o t a l i t y  w a s  measured a t  
The a i r c r a f t  posi t ions a t  second and t h i r d  contact were 

AIRP- STABILIZATION AND GUIDANCE 

The a b i l i t y  t o  maintain close tolerance airplane s t ab i l i za t ion  and 
precise heading control was es sen t i a l  t o  the  success of t he  ec l ipse  mission. 
Many of t he  astronomical instruments were l imited i n  sluing range and f ie ld  
o f  view. Some of t he  instruments were hand guided and, thus,  r e l i e d  upon air-  
plane s t a b i l i t y  t o  f a c i l i t a t e  tracking of the  eclipsed sun. In  addition, a 
gradual (l/3') and coordinated left-bank tu rn  was required of t he  airplane i n  
order t o  maintain a constant sun-bearing angle f o r  the  observers during t o t a l -  
i t y .  The theo re t i ca l  t u rn  radius w a s  592 naut ica l  m i l e s ,  and t h e  t o t a l  head- 
ing change was 12.8' during the  16 minutes from > minutes before second 
contact t o  2 minutes a f t e r  t h i r d  contact .  Since these r e s t r i c t i o n s  and 
requirements were beyond the  limits of human p i l o t  capabi l i ty ,  a t t en t ion  was 
focused on using the  a i rp l ane ' s  autopi lot  t o  achieve the  desired control .  

A standard SP-30 au topi lo t  controls  the  automatic heading and a t t i t u d e  of 
Convair 990 a i rp lanes .  For commercial operations,  the  au topi lo t  is  set t o  
operate over t he  e n t i r e  f l i g h t  envelope, t h a t  is ,  for various a l t i t u d e s ,  air- 
plane speeds, and load conditions.  In t h i s  mode, t he  au topi lo t  can control  
a i rplane osc i l l a t ions  t o  within approximately 52'. 
attempt was made t o  enhance the  au top i lo t ' s  s t ab i l i z ing  capab i l i t y  t o  S / 4 "  
by tuning it fo r  the an t ic ipa ted  f l i g h t  environment (a 38,000 f t  a l t i t u d e  and 
a t r u e  airspeed of 490 knots, with a gross  weight of 180,000 l b ) .  

For t h e  ec l ipse  f l i g h t ,  an 

Because of lack of t i m e  a r e l a t i v e l y  simple technique was used t o  achieve 
the  required gradual l e f t  t u rn .  A precession control  subsystem was added t o  
the  gyrocompass which provides a i rp lane  heading data  t o  t h e  au topi lo t .  
w a s  "Tee" connected between the compass gyroscope and t h e  gyro a i r c r a f t  har- 
ness .  By means of a switch on the  control ,  t h e  gyroscope could be de-slaved 
from the ea r th ' s  magnetic f i e l d  and allowed t o  operate as a free d i r ec t iona l  
gyro. A synthet ic  precession voltage from t h e  cont ro l  box could then be 
applied t o  the  torque motor of t he  gyrocompass t o  send a heading e r r o r  s igna l  
t o  t h e  autopi lot ,  thus causing the  a i rp lane  t o  tum. It w a s  possible  t o  pre- 
s e l ec t  any desired airplane tu rn  rate by varying t h i s  precession voltage with 
a potentiometer. In  addition, a high and low precession voltage range switch 
was series-connected t o  the  potentiometer. The high-low precession voltage 
was selected in  conjunction with the  potentiometer s e t t i n g  t o  maintain a 
smooth, coordinated l e f t  tu rn .  

It 

To ca l ib ra t e  and tune t h e  au top i lo t ,  a variable-gain ca l ib ra to r  w a s  
attached t o  the  au top i lo t ' s  f l i g h t  con t ro l  computer. 
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ca l ibra tor  were possible: 
acceleration gain, (3) r o l l  displacement gain, (4) rudder synchro excitation, 
( 5 )  ai leron servo exci ta t ion,  (6) rudder servo tachometer exci ta t ion,  and (7) 
a i le ron  servo tachometer exci ta t ion.  The only adjustments which had any 
advantageous e f f ec t s  on airplane s t a b i l i t y  were found t o  be y a w  and r o l l  
lagged acceleration gains.  By increasing both of these t o  the  extent t h a t  
both J T ~ W  and roll control of the CV-gg0 were highly overdamped, short  term 
s t a b i l i t y  could be maintained t o  within kO.25O i n  y a w  and roll ( f ig .  21). 

(1) y a w  lagged acceleration gain, (2) r o l l  lagged 

A sun compass was ins ta l led  aboard the  a i r c r a f t  t o  monitor the  azimuth 
(or bearing angle) and elevation of the sun during the  various pract ice  
f l i g h t s  and the ac tua l  ec l ipse  run. The device consisted of a long focal  
length l ens  and a mirror mounted at  the forwardmost passenger window on the 
l e f t  s ide  of the  cabin, and a 3-foot g r id  card mounted on the  navigators'  
desk across the a i s l e  ( f ig .  22) .  The lens  was oriented so t h a t  the  incoming 
beam from the  sun was n o m 1  t o  the lens  with the airplane at  1.8' pi tch  angle 
and 1/3O l e f t  bank ( l e f t  wing down by l/3'), and the  sun iiear 6.5O elevzticn.  
Light from the sun passed through the l ens  and was ref lec ted  by a mirror t o  
the  g r id  card across the a i s l e .  

Using a sun compass for  a e r i a l  navigation dates  back a t  l e a s t  t o  the 1929 
south polar f l i g h t  by A d m i r a l  Byrd. 
ecl ipse was ac tua l ly  an outgrowth of a similar instrument used by the  Douglas 
Aircraf t  Company and National Geographic Society Eclipse Expedition of 1963 
( r e f .  2 ) .  A s ign i f icant  difference was tha t  the  airplane was not required t o  
bank during the  142 seconds of t o t a l i t y  observed i n  1963. 
sun compass served as a navigator and f l i g h t  progress monitor on the  1963 
f l i g h t ,  it was used as a guidance indicator on the  1963 expedition. 
cedure was a s  follows. 

The sun compass used during the 196.5 

Thus, whereas the 

The pro- 

After the  airplane had mde the f i n a l  turn onto the  ecl ipse track, and 
was al ined f o r  intercept  ( f ig .  1 2 ) ,  the  solar image appeared on the compass 
grid. Since the  alinement turn was completed about 5 minutes p r io r  t o  second 
contact ( t o  f a c i l i t a t e  gyro s tab i l iza t ion  and e rec t ion) ,  the  image appeared a 
few degrees t o  the  r igh t  of the 90° sun-bearing l i n e  (fig. 22).  As  the image 
slipped in to  the  proper posit ion on the gr id  card, control of the autopilot  
was switched f romthe  magnetic compass t o  the slow turn-rate  control ler .  With 
the  potentiometer s e t  t o  provide the synthetic precession voltage required f o r  
a 1/3O bank angle, the bank switch was then placed in the  "bank l e f t "  posit ion.  
A s  the  lef% wing dropped, the  image could be seen t o  move s l i g h t l y  upward on 
the  g r id  card. 
g r id .  
the  potentiometer s e t t i ng  should be mde.  
was an appreciable l ag  between input and observed response. 

S m a l l  a t t i t u d e  osc i l la t ions  were readi ly  observable on the 
The median posi t ion of the  image was used t o  determine when changes i n  

Since the changes were small, there  

The p rac t i ce  f l i g h t s  were qui te  helpful in developing these control 
techniques. During the  darkness of the  actual ecl ipse run, the  f a in t  image of 
t he  corona could be seen on the sun compass gr id  but the  bearing and elevation 
l i n e s  c o d d  not .  
i n t ens i ty  l i g h t  t o  illuminate the g r id  card intermit tent ly .  

A f l a sh l igh t  was h a s t i l y  masked t o  provide a source of low 



To monitor the motions of the airplane,  wide angle, rate-integrating 
gyroscopes were r i g i d l y  attached t o  the  a i rp lane ' s  s t ructure  and approximately 
al ined t o  each of t he  pr incipal  a i rplane axes. 
(recorded on a s t r ip-chart  oscillograph) thus indicated the angular deviations 
of t he  a i r c r a f t  axes from a s e t  of i n e r t i a l  reference axes established by the 
gyros. From these records ( f i g .  21), the  a i r c r a f t  r o l l ,  yaw, and p i tch  
motions could be studied. The periods and maximum amplitude excursions f o r  
t h e  airplane during the ac tua l  ec l ipse  f l i g h t  were approximately as follows: 

The output of the gyros 

Period , R o l l ,  Pi tch,  Yaw, 
see arcmin arcmin arcmin 

0.2 +6 k2.4 k1.2 
5 512 53 +6 

100 +- 42 +6 +2 4 

The eclipsed sun w a s  photographed a t  24 frames per second w i t h  a fixed 
16 mm motion picture  camera. By measuring the excursions of t he  so l a r  image 
on the  f i lm we deduced the combined ro l l -p i tch  and yaw-pitch airplane osc i l la -  
t i o n s .  These data agree, as one could expect, with the  gyroscope records. 

Figure 23 shows a portion of a record of bearing angle during t o t a l i t y .  
The osc i l l a t ions  i n  bearing showed generally the same approximate frequencies 
as did the  basic a i r c r a f t  motions, and the  bearing excursions were generally 
within L L / 2 O .  

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field, Cal i f . ,  Jan. 10, 1966 
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APPENDIX A 

c o u "  

A countdown was given by t h e  coordinators over t he  public address system, 
and was p a r t l y  recorded by some of t he  experimenters. The events during the  
ec l ipse  flight countdown are summarized b r i e f l y  here and w i l l  serve as an 
i l l u s t r a t i o n  of procedures and as a c l a r i f i ca t ion  and record f o r  t he  expedi- 
t ion pa r t  i c  ipant s . 

The following countdown w a s  given during t h e  pract ice  f l i g h t s ,  and was 
a l s o  intended f o r  t h e  ec l ipse  f l i g h t :  

Speaker 

%der 

Haughney 

Bader 

1 Bader 

Time Announcement or ac t  ion Remarks 

B - l h r  

B - 45 min 

B - 30 min 

B - 25 min 

B - 20 min 

B - 20 min 

B - 10 min 

It is  now one hour before 11 

second contact.  Time t o  
cover the  passenger windows." 

A t i m e  marker was given t o  
permit experimenters t o  set 
t h e i r  watches. 

"It i s  now a half hour before 
second contact.  Everyone 
should be a t  h i s  s ta t ion  w i t h -  
i n  10 minutes f o r  a i r c r a f t  
s t ab i l i za t ion  ." 
Time marker. 

"Eheryone should now be a t  
h i s  s t a t ion .  Please keep 
personnel displacements t o  a 
minimum. The a i r c r a f t  i s  
being s t ab i l i zed  ." 
U s e  dimming of cabin l i g h t s  
as t i m e  marker. 

Various reminders: Time, 
open safe ty  windows, remove 
l ens  caps, e t c .  

B stands f o r  Begin- 
ning of  t o t a l i t y ,  o r  
second contact.  

This marker w a s  given 
a t  a convenient round- 
number t i m e ,  not a t  
exact ly  B - 43. 

This m r k e r  was 
exact ly  20 minutes 
p r i o r  t o  e s t i m t e d  
second contact.  



Speaker T ime  Announcement or a c t  ion Remarks 

Bader B - 10 min Turn off cabin l i g h t s ,  use as This marker w a s  
time marker. exact ly  10 minutes 

p r io r  t o  estimated 
second contact.  

Haughney B - 5 min "5 minutes t o  go; 4, 3, 2, This was according t o  
t o  1; 30 seconds, 20, 10, 9, 8, navigators '  estimates 

a f t e r  second contact; 20, 30, did  not exact ly  match . . . , 300." second contact.  D u r -  

B + 300 sec . . . , 2, 1, 0; 10 seconds as of B - 5 min, and 

ing t h i s  time, Bader 
was ge t t ing  updated 
information from the  
navigators and from 
observers a t  S ta t ion  1. 

%der E - 240 sec "4 minutes before t h i r d  E stands f o r  End of 
t o  contact; 230 seconds; 220, t o t a l i t y ,  or t h i r d  

E + 2 m i n  210, . . . , 0; 10 seconds contact.  This w a s  an 
a f t e r  t h i r d  contact; 20, 30, updated, recalculated . . . , 120; we a r e  now countdown, intended 
turning back." Signal given t o  match t h i r d  con- 
t o  p i l o t s  t o  start re turn  t a c t  exact ly .  
t r i p .  

E + 10 min Reminder t o  c lose safe ty  win- The a i r c r a f t  remained 
dark and on au topi lo t  
f o r  a longer time, 
f o r  t h e  benef i t  of  
experimenters making 
ca l ib ra t ions .  

dows and t i e  down equipment. 

The countdown never went prec ise ly  according t o  plan, primarily because 
of a heavy load of interphone c a l l s  between t h e  coordinators '  console and the  
experimenters. These c a l l s  took p r i o r i t y  over other  coordinator a c t i v i t i e s ,  
as t h e  poss ib i l i t y  was always present t h a t  an incoming c a l l  was an emergency. 

A t  B - 1 hr ,  during the  ec l ipse  f l i g h t ,  t h e  passenger windows were 
covered. 
w a s  not s ign i f i can t ly  darkened. A t  approximately B - 45 min, it was requested 
by Station 10 t h a t  cabin l i g h t s  be turned off ,  and the  cabin got progressively 
darker thereaf te r .  This request made an announcement necessary, so t h a t  
" l igh ts  off" would not be interpreted as t h e  B - 10 min marker. The B - 45 min 
marker was given a t  about B - 46 min, and the  B - 20 min marker w a s  modified 
as the  l i g h t s  were already o f f .  The B - 10 min marker was not given, as there  
w a s  a heavy communication load between Bader and the  navigators,  and Haughney 
was busy with the  TCG, t he  power converters,  and experimenters' c a l l s .  The 
estimated- time of second contact w a s  revised by the  navigators a t  about 
B - 12 min, thus adding t o  t h e  confusion. 

Enough l i g h t  w a s  coming through t h e  op t i ca l  por t s  so  t h a t  t h e  cabin 
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The countdown from B - 5 min t o  B - 2 min was not heard over the public 
address system because a switch had been l e f t  i n  the  cabin interphone posit ion.  
A t  t h a t  t i m e ,  Haughney received a request f o r  timing information from Sta- 
t i o n  ll, and, almost simultaneously, %der found out from Reynolds that the  
a i r c r a f t  was about 2 minutes ahead of schedule; t he  revised estimated B was 
21:20:10. 
No fur ther  experimenters' c a l l s  were received. 

This was announced, and the  countdown was resumed at  B - 4 min. 

m e r  switched t o  monitoring the Stat ion 1 interphone. K i s s e l l  ca l led 
out "corona" ju s t  about when Haughney got t o  "zero. It Bailey's beads were 
noted by Kissel l ,  and could a l so  be seen by W e r  by glancing over t o  the sun 
compass chart  over the  navigator's console. 
29 seconds after "zero .'I 

Bader t o  Reynolds, who then computed t o t a l i t y  duration with the  help of 
updated posi t ion and veloci ty  informt ion  and an e r ror  matrix chart  (see sec- 
t i o n  on Navigation). 
had caused a l a rge r  d r i f t  than was known t o  the navigators a t  t h a t  time, so 
t h a t  t he  estimated duration was about 10 seconds too long. 
the  time of t h i r d  contact, and took over the  countdown. 
the  sun compass chart ,  Bader noticed Bailey's beads and cal led "contact" r i g h t  
after "10 seconds t o  go .I1 This was a t  21: 30:22. 

"Contact" was noted by Ki s se l l  
The ac tua l  second contact UT, 21:20: 4 0 ,  was given by 

The tail-wind estirnate was correct ,  but the  cross wind 

Bader recomputed 
By glancing over t o  

The a i rc raf t  posit ions and times a t  second and t h i r d  contacts are sm- 
marized i n  t ab le  IX. Because of normal sca t te r  for visual  estimates of times 
of contact, t he  various times and in te rva ls  quoted herein cannot be expected 
t o  be self-consistent t o  b e t t e r ' t h a n  &2 seconds. 
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TABLE I e -  LIST OF EXPERIMENTERS 

S t a t  ion 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 - ll 

I 2  

13  

14 

Names  

K. E. Kissel l  
P. L. Byard 
J. D. Clarke 

L. Larmore 
8 .  I re land 

R. Stockhausen 
J. ManguS 

M . Waidrre ier  

R. B. Dunn 
T. Cothern 

R. E. Miller 

S. Me Smith 
R. A. Torrey 
M. E. Henderson 

T. de Groot 

2 .  Righini 

A .  J. Deutsch 
R. M. Cameron 
J. L. Whittaker 
J. J. Boyle 

F. V. Dossin 
P. Macar 

W. N. Arnquist 
J . Waddell 

H. T. Mantis 
M. S. Carpentei 

Sponsoring organizations 

U.S. A i r  Force - Aerospace 
Research Laborat o r  i e s  

Douglas Aircraf t  Company 

NASA - Goddard Space Fl ight  
Center 

Swiss Federal Clbservatory, 
Zurich 

U.S. A i r  Force - Sacramento 
Peak Observatory 

Johns Hopkins University 

NASA - Ames Research Center 

Sonnenborgh Observatory, Utrecht 

Arce t r i  Observatory 

Mount Wilson - Palomr Obser- 
va tor ies  and Douglas Aircraf t  
Company 

University of Liege 

Douglas Aircraf t  Company 

University of Minnesota and 
NASA - Manned Spacecraft Center 

Experiment 

Inner corona 
infrared spectrum 

Chromospheric 
infrared spectrum 

Coronal in f ra red  
spectrum 

Polar ray  
morphology 

Streamer spectrom- 
e t ry  

Airglow 

Streamer morphol- 
ogy and polariza- 
t i o n  

LiIrib darkening 

Search f o r  cold 
coronal regions 

Coronal spectra,  
v i s i b l e  region 

Search f o r  comets 

Polar izat ion 
studies 

Polar izat ion 
s tudies  
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TABLE 11.- CHECK LIST FOR GROUND SUPPORT AFWUJGEMENTS 

Flight operat ions 

Parking area and weight 
bearing capac i t y  

Fuel: type, quantity, 
refuel l ing schedules 

Waste disposal 

Start ing un i t s ,  prime 
and spare 

Elec t r ica l  power 

Oxygen service 

Weather information 

Radio communications 

Systems repa i rs  support: 
engine , hydraulic, 
e l e c t r i c a l ,  e lectronic  , 
me c han i c a l  

Landing fees  and arrange- 
ments for paying 

Agricultural inspection 
and fumigation requirements 
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Exper iment s 

Darkrooms 

Photographic supplies 

Electronic supplies 

Machine shops 

Dry i ce  

D i s t i l l e d  water 

Equipment storage 

E l e c t r i c a l  power 

A i r  conditioning 

T a l l  ladders f o r  opt i -  
c a l  por t s  servicing 

Towelling for washing 
fuselage above and 
forward of view por t s  

Miscellaneous 

Contact c i t y ,  county, 
a i r p o r t ,  and other 
o f f i c i a l s  

Lodging 

Ground t ransportat ion 

Parking a t  a i r p o r t  

Conference room 

Access t o  ramp and 
a i r c r a f t  a t  a l l  hours 

Passengers' access 
ladder t o  a i r c r a f t  a t  
a l l  hours 

Security 

Flight lunches 

Restaurant service t o  
meet mission schedule 
requirement s 

Passports, innoculations 

S ta t e  Dept. arrangements 

Telephone service 
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Flight  
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
LO 
L1 
L2a 

L2b 
13 
14 

Date 
(1965) 

7 May 
9 
10 
12 
15 
15 
18 

22 
25 
26 
28 
30 

30 
1 June 
3 

TABLE I V - -  F'LIGHT DESCRIPTIONS 

Takeoff 
time, UT 

15: 53 
02: 15 
02: 45 
15: 30 
15: 05 
20: 00 
16: 45 

17: 45 
18: io 
18: io 
18: io 
16: 53 

03: 50 
20: 45 
17: 5.5 

Landing 
time, UT 

19: 50 
04: 53 
06: 40 
21: 05 
17: 45 
23: 10 
18: 00 

22: 45 
01: 53 
01: 40 
01: 45 
01: 15 

08: 35 
02: 05 
22: 08 

Distance, 
naut ical  

miles 

i 700 
1160 
1700 

1160 
1380 
540 

2160 
3376 
3355 
3365 
3616 

22 62 
2242 
2021 

2420 

Purpose of 
f 1 ight 

Daytime pract ice  
Moon intercept  
Moon intercept  
D a y t i m e  pract ice  
Autopilot adjustments 
D a y t i m e  pract ice  
Systems checks and f e r r y  
t o  San Francisco Airport 
San Wancisco t o  Hilo 
Daytime pract ice  
D a y t i m e  pract ice  
D a y t i m e  pract ice  
Eclipse f l i gh t ;  Hilo t o  
Papeete 
Papeete t o  Hilo 
Calibration f l i g h t  
Hilo t o  Moffett Field 

Total f l i g h t  hours: 

Total f l i g h t  distance: 

Pac i f ic  Daylight Time: UT minus 7 hours. 

Hawaii-Tahiti Standard Time: UT minus 10 hours. 

73:40, exclusive of engine ground run time. 

32,457 naut ical  m i l e s .  
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TABLE V-- PASSENGER LISTS 

NAME FLIGHTS 
C o ckp it : 

W B . Harwell, p i l o t  (Convair) 
L. E. P i l l i ng ,  copi lot  (Convair) 

G. W. S t inne t t ,  a s s i s t a n t  manager 

1 2  3 4 5  6 7 8  g i o u u i 3 1 4  
1 2  3 4 5 6 7 8 g io u. 1-2 1 3  1 4  

1 2  3 4 5  6 7 8  g i o u 1 2 1 3 1 4  

L. Knudsen, f l i g h t  engineer 1 2  3 4 5 6 7 8 9 10 LL I-2 1 3  1 4  
(Conva ir ) 

for f l i g h t  operations (NASA-Ames) 

Navigators : 

P. R. J. Reynolds (Pan American 8 g i o  11 12 1 3  1 4  

R .  A. Acken (USAF and XASA-Ames) 1 2 3 4 3 6  8 g i o i i 1 2 1 3 1 4  

1 2 3 4  
Airways ) 

Coordinators : 

M. Bader, expedition manager 

L. C .  Haughney, a s s i s t an t  manager 
(NASA-Ame s ) 

for experiments (NASA-Ames) 

Aircraf t  systems support: 

L. Buczynski (Convair) 
J. W. Cox (NASA-Ames) 
W. M. H i l l  (NASA-Ames) 
R. J. Moore (Convair) 
L. E.  Reich (Convair) 
W. E .  Romans (Sperry Gyroscope) 
R .  H. T ie t jen  (General E lec t r i c )  

Experimenters and other passengers: 

M. Abzug 
W. N.  Arnquist 
L. W. Boone 
J. J. Boyle 
C .  Burdin 
P. L .  Byard  
R.  M. Cameron 
M. S. Carpenter 
J. D. Clarke 
T. Cothern 
T o  de Groot 
A. J. Deutsch 
F. V.  Dossin 
R. B. Dunn 
S. Edelson 

, 1 2 3 4  6 7 8 g i o 1 1 1 - 2 1 3 1 4  

1 2 3 4  6 7 8 g i o u 1 2  1 4  

3 4  6 
8 14  

4 7 1 4  

1 2 3 4 5 6 7  g l O l l 1 2 1 3 1 4  
1 2  3 4 5 6 7 8 g i o  11 14 

3 5  13  

1 2  3 4 5 6 7 g i o  11 12 1 3  14  

5 6  
5 6  8 g i o 1 1 1 2  14  

4 
1 2 3 4  8 g i o  11 12 1 3  14  
1 
1 2 3 4  6 8 g i o u 1 - 2 1 3 1 4  

2 3 4  6 8 g i o u u 1 3 1 4  
1 1-2 1 3  14 

2 3 4 8 g i o  11 12 1 3  14  
1 2 3 4  8 g i o  11 1-2 13  14 
1 2 3 4  8 g i o u 1 2  14 

3 4  8 i o  11 1-2 1 3  
1 2 3  6 8 g i o u 1 - 2  14  
1 2 3 4  8 g i o  11 1-2 1 3  14  

6 

6 



TABLE V.- PASSENGER LISTS - Concluded 

NAME 
Experimenters and other passengers: 

J. H. Enders 
B. A. Evans 
J. D. Gehris 
J. R. Gill 
J. J. Glatz 
R. Goodwin 
J. A. Hanly 
G. Hardy 
J. T. Hatch 
M. E. Henderson 
W. H. Hodgkins 
A. T. Ireland 
L. W. Jones 
B. E. Kelley 
H. M. King 
K. E. Kissell 
H. H. Kretschmer 
L. Larmore 
W. A. La Rosa 
A. L. Lavery 
E. R. Leslie 
P. J. Macar 
H. T. Mantis 
R. E. Miller 
S. E. Miller 
S. Nathanson 
D. Perlmn 
D. E. Reese 
G. Righini 
K. Saffer 
D. H. Smith 
H. J. Smith 
S. M. Smith 
E. W. Steffen 
R. E. Stockhausen 
C . Sykes 
J. Thorwaldsen 
R. A. Torrey 
J. H. Waddell 
M. Waldme ier 
J. M. Weldon 
J. L. Whittaker 
G. Wynt jes 
M. S. Y O U g  
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FLIGHTS 

8 
8 14 

1 4 5 6  10 11 14 

1 
11 

2 8 13 14 
7 

4 6  
1 2 3 4  

1 2 3 4  8 9  
1 2 3 4  6 89101112 14 

8 
8 9 io 11 12 13 14 

9 io 11 12 13 
2 

12 14 

2 

2 3 4 6 

5 6  

4 7 

1 2 3 4  g 10 11 
8 9  12 

1 2  

1 3  6 8 g 11 12 14 
1 3  8 9 11 12 

8 9 io 11 12 14 1 2 3  

8 9  12 

5 6  

6 

4 

1 2 3 4  6 89101112 14 
2 13 14 

2 
10 11 

1 2 3 4  6 891011121314 

1 2 3 4  6 8910111213 

1 
1 2 3 4  6 8910111213 

14 
1 2 3 4  8 9 io 12 14 
1 
1 2 3 4 5 6  8gioi11'1314 
1 

4 

8 g io 11 12 

4 



TABLE VI.- 60 C/S LOAD DISTRIBUTION DURING ECLIPSE INTEBCEPT 

1 
2 
3 
4 

60 c/s converter 

number 

138-1 13.5 a 
136-1 O ( l l . 5  a)' 
137-1 9.0 a 
133-1 1.5 a 

I I I 
I 

Experimental 
stat ions 

1, 2, 3, 5 ,  6, 8 

4,' 7, 9, 11, 12, 13  
(io, 16)l 

W" receiver and 
t i m e  code generator I 

Stat ion 10 supplied the t w o  f i l m  storage re f r ig-  
e ra tors  which use about 3 a; Station 16 supplied the 
coffee raker,  about 8.5 a .  
1/2 hour before second contact. 

These loads were turned off 

2 The Station 4 ou t l e t  supplied addi t ional  60 c/s 
power t o  Stat ion 1. This a l leviated some interference 
problems. 



TABLE V I 1 . -  DISCONTINUITIES I N  THE TIME CODE GENERATOR 
OUTPUT DURING TOTALITY 

Figure 20(a) 

Figure 2O(b) 

Figure 20(c) 

Figure 2O(d) 

Ab solute 
time, UT 

hr min sec 

21: 26: 45 
21: 26: 49 

21: 27: 23.8 
24.1 

21: 27: 35 
36 

21: 27: 4-1.7 
42.1 

Length of  time 
in t e rva l  according t o  

Time code 

4.0 see 
(two jwnps) 

1.0 see 
one repe t i -  
t i o n  

Uniform 
chart  r a t e  

3.2 see 

0.0 see 

1.5 see 

0.0 sec 

net  gaii 

Change i n  
clock 

i0.8 sec 

-to -3  

-0.50 

a . 4  

+1.0 see 
I of clock 
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TmLE 1X.- AIRCRAFT POSITIONS AND TIMES AT SECOND AND THLRD CONTACTS 
(See also fig. 12)  

B (second contact) : 
01' 481 s 

132' 041 W 
21h 2 0 ~  39' UT(% sec) 

E ( th i rd  contact): 

01' 31' S 
130' 44l W 
21h 3om 2.1'  UT(+^ sec) 



F i g  

A-34471-157 
(a) Looking f o r w a r d .  



(a) Looking forward. 

k 

A-34471-151 

A-34411-149 ( b )  Looking a f t .  

Figure 2.- A i rc ra f t  i n t e r i o r  after modifications (May 1965). 
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A-34471-25 

A-34471-54 

Figure  3 .- Overall views of t h e  expedition a i r c r a f t .  Note i n  p a r t i c u l a r  t h e  
13 overhead p o r t s .  The black p a i n t  on the l e f t  wind pods and nace l l e s  w a s  
intended t o  minimize r e f l e c t i o n s  i n t o  the overhead p o r t s .  
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. 

Figure 11.- Flight paths fo r  a l l  f l i g h t s  from Hilo,  Hawaii. 
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2 0  

I O  

0 
O O  

2! 
5! 

E -10 

3 
t 

Q, a 
Q, 
I- 

-20 

-30 

' Glass inside surface 
Defroster on 

- Maximum dew point 
-- Normal dew point 

Moisture /person = 3500 qrams/hr 

/ 
0 IO 20 30 40 50 

Number of people 

Figure 14.-  Calculated effect iveness  of t he  defrost ing system, assuming: 
41,000 f t  a l t i t ude ,  ambient temperature -65' C ,  Mach number 0.91, a i r  
conditioner flow 120 lb/rnin, def ros te r  flow 3 lb/min per  window. 
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A-34471-153 

Figure 17.- The coordinators '  console (see a l s o  f i g s .  2 and 4 ) .  

A-34471-154 

Figure 18.- Typical e l e c t r i c a l  o u t l e t  and intercom system boxes serving two 
adjacent  experimental s t a t ions .  
dual  e l e c t r i c a l  box i s  wired t o  the  time code generator. 

The small receptacle  t o  t h e  r i g h t  of t h e  
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* 

A-34471-75 

Figure 19.- Time code generator ,  WWV rece iver ,  and aux i l i a ry  dc power suppl ies .  
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Figure 20.- Photographs of por t ions  of a paper char t  recording of t h e  time code 
generator BCD "level s h i f t "  output.  
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f ;rl:c)7:4M3 

Figure 20. - Concluded. 
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Note: Zero reference mark is only relative not absolute 

Pitch 

80 

60 

40 

20 

0 

40 

20 

Rol I 

0 
21 hour 
29 min 
0 sec 10 20 30 

Time 
40 50 60 

Figure 21.- Typical sect ion of record of a i r c r a f t  motion during t o t a l i t y .  
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0 5" 
m 
tD Sun forward of Sun a f t  of 
3 

( a )  Sun compass g r i d .  

Figure 22.- Sun compass g r i d  and i n s t a l l a t i o n  aboard the a i r c r a f t .  
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(a) Azimuth excursions 

21:29:20 21:29:30 21:29:40 21:29:50 21:30:00 21:30:10 
Time 

(b) Elevation excursions 

Figure 23.- Typical sect ion of record of t h e  Sun's azimuth and elevat ion excur- 
s ions during t o t a l i t y .  

6% NASA-Langley, 1966 A-2269 


